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We present a review on the measurements of the CKM angle 7 (03 H as performed by the BABAR and Belle 
experiments at the asymmetric-energy e + e~ B factories colliders PEP-II and KEKB. These measurements 
are using either charged or neutral B decays. For charged B decays the modes D°K~, D*°K~ , and D°K*~ 
are employed, where D° indicates either a D° or a D° meson. Direct CP violation is exploited. It is caused 
by interferences between V u b and V c j, accessible transitions that generate asymmetries in the final states. For 
these decays various methods exist to enhance the sensitivity to the V u b transition, carrying the weak phase 7. 
For neutral B decays, the modes oM^tj-T and D^pT are used. In addition to the V u t and V& interferences, 
these modes are sensitive to the B°-B mixing, so that time dependent analyses are performed to extract 
sin(2/3 + 7). An alternative method would use the lower branching ratios decay modes Z)(*) _ft"(*)° where much 
larger asymmetries are expected. 

The various available methods are mostly "theoretically clean" and always free of penguins diagrams. In some 
cases a high sensitivity to 7 is expected and large asymmetries may be seen. But these measurements are always 
experimentally difficult as one has to face with cither low branching ratios, or small asymmetries, or additional 
technical/theoretical difficulties due to Dalitz/SU(3) and re-scattering models needed to treat/estimate nuisance 
parameters such as unknown strong phases and the relative magnitude of the amplitude of the interfering "V„(," 
transitions. Thus at the present time only a relatively limited precision on 7 can be extracted from these 
measurements. The current world average is 7 = (78^2g)° 0' For other methods and long term perspectives, 
as discussed in details, the reader is invited to consult the proceedings of the recent CKM workshop that was 
held in Nagoya (Japan) in December 2006 Q. 



1. Introduction 

We present the results of the measurements 
performed by the BABAR and Belle collabora- 
tions, to determine the value of the Cabibbo- 
Kobayashi-Maskawa (CKM) CP violating phase 7 

(= Bx g [-v ud v: b /v cd v; b ]). 

These measurements are based on the studies done 
with the charged B decays D°K~, D*°K~, and 

D°K*~, where D° indicates either a D° or a D me- 
son. They are based on the interference of the ampli- 
tudes proportional to the V c b and V u b CKM-matrix el- 
ements that generate asymmetries through direct CP 
violation effects associated to the electroweak (EW) 
phase 7 carried by the V u b amplitude. These mea- 
surements are at the present time the most constrain- 
ing ones, but neutral B decays such as D^^n^ 
and D ± p =F are also used to extract constraints on 

sin(2/3 + 7), as B°-B mixing is present in addition to 
the above described direct CP violation phenomenon. 
The sensitivity to the V u b amplitude is relatively small 
for these decays, so it has been proposed to use the 
rare decays flW^W 11 where larger CP asymmetries 
are expected. 

At the time of this conference the two asymmetric- 
energy e+e" colliders PEP-II at SLAC and KEKB at 



KEK have produced a huge quantity of data at the 
T(45) resonance. BABAR [3[ and Belle [H detectors 
have integrated over 1100 fb" 1 of data (respectively 
about 420 fb _1 and 710 fb _1 ). This corresponds to a 
sample of more than one billion BB pairs collected. 
It can be noticed that the measurements presented 
here are all statistically limited and most of them use 
only a fraction of the currently available dataset. It is 
therefore crucial that they will be updated soon. 



2. Measuring 7 with charged B decays 

Methods are exploited H H, 0] , where the D° de- 
cays either to a CP eigenstate (GLW method), or to 
a Doubly Cabibbo-Suppressed flavor Decay (DCSD, 
"wrong sign" decay, ADS method), or to the K®ir~ir + 
final state, for which a Dalitz analysis has to be per- 
formed (GGSZ method). To extract 7, those three 
methods are all based on the fact that a B~ can decay 

into a color-allowed D°K~ (color-suppressed D K~) 
final state via b — > cus (b — > ucs) transitions. The 
amplitude A("V c b") of the b — > cus transition is pro- 
portional to A 3 and the amplitude A("V u b") of the 
transition to A 3 y^ 



1 The BABAR and Belle collaborations use different conventions 
to label the three CKM angles, where /3 = 0i, a = (f>2, and 
7 = tj>3- I n this report we use the BABAR convention: a, /3, and 
7- 



b — > ucs transition to X^^/fj 2 + p 2 e j(<5 B -7) (where A is 
the related to the Cabibbo angle) . The second ampli- 
tude therefore carries both the EW 7 CP phase and 
the relative strong phase of those two transitions. As 
the total amplitude for the D°K~ decay is the sum of 
the two amplitudes A( u V c b') and A("V u b"), the two 
amplitudes interfere when the D° and D decay into 
the same final state. This interference leads to dif- 
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ferent B + and B decay rates (direct CP violation). 
These methods apply to the two other charged B de- 
cays: D*°K~ and D°K*~, as well. 

The various methods are "theoretically clean" be- 
cause the main contributions to the amplitudes come 
from tree-level transitions, in an excellent approxi- 
mation. In addition to the parameters and to the 
strong phase, A("V u b") is significantly reduced with 
respect to A( u V c b") by the color-suppression phe- 
nomenon. One usually defines the parameter rp = 
\A( u V u b")/A( u V c b")\ that determines the size of the 
direct CP asymmetry. It is a critical parameter for 
these analyses. Its value is predicted [8] to lie in the 
range 0.05 — 0.3 as it has been argued that color- 
suppression may not be as important as expected from 
naive factorization in charmed B decays Q. The 
smaller tb is, the smaller is the experimental sensi- 
tivity to 7. 

As the three decays modes D°K~, D*°K~, and 
D°K*~ are used, one should remark that 7 parameters 
have to be extracted from the three used methods: the 
common EW phase 7 and the nuisance parameters for 
the measurements, i.e., a respective strong phase "63" 
and an "rs" parameter for each of the three modes: 
Sb, re, S* B , r* B , S sB , and r sS . 

The CKM-angle 7, and the parameters "rg", and 
"i5b" can be measured experimentally by two quanti- 
ties (Asymmetry and Ratio of branching ratios): 



R 



For R, the denominator is built with branching ra- 
tios of specific flavor D° decays. 

2.1. The GLW method: D° CP eigenstates 

For the GLW method 5] the D° is reconstructed in 
various CP eigenstate decay channels [l(J[H| : K + K~ , 
7T+7T- (CP+ eigenstates); and K° s n°, K% K° s uj (CP- 
eigenstates). The D*° is reconstructed in the decay 
mode D°ir° only and the K* (892) ~~ mesons into the 
decay K*~^K®ir~ . The total branching ratio of each 
considered decay mode, including secondary decays is 
relatively small (10~ 6 or less). As many modes are 
taken into account to reconstruct the D° it is any- 
way possible to have enough signal events to study 
asymmetries, but this technique is obviously strongly 
statistically limited. So the small CP asymmetry 
[xb — 0.05 — 0.3) and the rareness of these D° CP 
eigenstate modes, make this method difficult with the 
present B factories dataset. 



In the GLW method, there exist 4 observ- 
able quantities, for three unknowns (7, re, and 
Sb)- Rcp± = 1 + r B ± 2rs cos 5 cos 7 and Acp± = 
± 2ib sine) sin 7/Rcp±. Only three are independent, 
as: Rcp_Acp_=-Rcp+Acp + - The observable Rcp 
is normalized to the branching ratios as obtained from 
three flavor state decays: D°~^ K~n + , K~ir + ir°, and 
K~tt + tt + tt~ . In principle with infinite statistics this 
method is very clean to determine 7, but up to an 8 
fold-ambiguity, as the above equations show. It can 
be noticed from the definition of Rc p that the sensi- 
tivity to the nuisance parameter ip is quite weak, as 
it is expected to be much smaller than unity. 
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0.90 ±0.12 ±0.04 
1.13 ± 0.16 ± 0.08 

0.98 ±0.10 
0.86 ±0.10 ±0.05 
1.17 ± 0.14 ± 0.14 

0.93 ±0.10 



1.41 ±0.25 ±0.06 

1.25 ± 0.19 
1.15 + 0.31 ±0.12 

1.15 ± 0.33 
1.96 ±0.40 ±0.11 

1.96 ±0.41 
0.65 ± 0.26 ± 0.08 

0.65 ± 0.27 



Figure 1: World HFAG [12 
servable. 



compilation on the Rcp ob- 



The BAR4R [10( and Belle [ll( collaborations have 
published results based on a limited fraction only of 
their full available dataset. They respectively use 
232 x 10 6 and 275 x 10 6 BB pairs to measure the 
observables Rcp and A-cp. Significant signals allow 
to compute Rcp and Acp observables with however 
limited precision. The (peaking)-background is esti- 
mated from the ities ipibc) and D° mass sidebands. 
The CP+ pollution for CP- eigenstate from decays 
Kg{K + K~] non <f, and -ftTg[7r + 7r~7r°] non u is estimated 
using data. Finally, in the systematic uncertainty ac- 
counting, the possible strong phases as generated by 
probable Kn S waves in the lf*--> K2.it- decays arc 
taken into account. 

Figures [1] and [2] summarize the averages computed 
by the HFAG collaboration pi] for the measurements 
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Figure 2: World HFAG 12] compilation on the Acp ob- 
servable. 



of the two B factories. At the present time, the mea- 
sured values of Acp (Rcp) are not precise enough to 
differ significantly from zero (unity) so that a precise 
constraint on 7 can not be obtained from the GLW 
method alone. 

From Rcp± an d Acp± one can derive the so 
called Cartesian coordinates: x± = rg cos(5 B ± 7), 
as x± = (R C p+(lT A C p+) -Rcp-(1tRcp+))/4 
and r| = (R C p+ + Rcp- - 2) /2. For the D°R- 
BABAR [HI extracts r% = -0.12 ± 0.08(stat) ± 
0.03(syst), and x+ = -0.082 ± 0.052(stat) ± 
0.018(syst), x_ = 0.102 ± 0.062(stat) ± 0.022(syst) 



and for D"K*-BaBAR obtains r 2 sB = 0.30 ± 0.25, 
x s+ = 0.32 ± 0.18(stat) ± 0.07(syst), and x s _ = 
0.33 ± 0.16(stat) ± 0.06(syst). These measurements 
have a precision already competitive with those of the 
GGSZ method (see Sect. I2.3[) . that is the reason why 
the GLW method is useful into the global fit to 7 in 
a combined statistical treatment of the various meth- 
ods. 



2.2. The ADS method: D° Doubly 
Cabibbo Suppressed Decays (DCSD) 

For the ADS method [6[, the D° meson as gener- 
ated from the b — > cus transition is required to de- 
cay to the Doubly Cabibbo-Suppressed K + n~ mode 
(DCSD or "wrong sign"), while the D meson, from 



the b — y ucs transition, decays to Cabibbo-favored 
final state K + ir~. The overall branching ratio for 
a final state B~ — > [K + n^]f )0 K^*^ is expected to 
be very small (~ 10~ 6 ), but the two interfering dia- 
grams are of the same order of magnitude. The chal- 
lenge in this method is therefore to detect B can- 
didate in this final state with two opposite charge 
kaons. The total amplitude is complicated by an 
additional unknown relative strong phase Sd in the 
D a -D — > [K + 7r~] system, while the ratio of their re- 
spective amplitude r|j is now very precisely measured 
and is equal to (0.376 ± 0.009)% [l3|. It can be writ- 
ten as A{[K + TT-]b° K{ * ] ~) K ree^-T) +v D e~ lSD . 
Using the B~ — ► [K~n + ]K(*)~ modes as normal- 
isation for HadSj onc can write the equations for 
the two experimental observable quantities: Hads= 
r l + r D + 1tb*d cos(5 b + 5d) cos(j) and A ADS = 
2 t b t d sm(S B + 5 D ) sbx^/B. ads, where Kads is 
clearly highly sensitive to r B . The observable A ads 
can obviously only be measured if a significant number 
of DCSD candidates is seen. 

For the D°K- and D*°R- channels 14} and [H, 
no significant signal has been measured yet. For the 
D*°K- modes BABAR uses both the D*° -> D°tt° 
and -D°7 modes. It has been demonstrated [l?} that 
the strong phase 8* B differs by an effective phase ir, 
so that they can be combined to extract 8* B and to 
set a more constraining limit on t b . These measure- 
ments have been obtained with dataset corresponding 
respectively to 232 x 10 6 and 386 x 10 6 BB pairs. At 
90 % of confidence level (C.L.), BaBAR sets the upper 
limits t b < 0.23 and r*| < (0.16) 2 . With about 1.7 
times the BABAR statistics Belle obtains a slightly bet- 
ter limit: r B < 0.18 at 90 % of C.L.. For the D°K*- 
decay [HI, no significant signal is seen yet, BaBAR 
measures R A ds= 0.046 ± 0.031(stat) ± 0.008(syst), 
A A ds= -0.22 ± 0.61(stat) ± 0.17(syst). As part of 
the systematic uncertainty accounting, BaBAR consid- 
ers effect of the possible strong phases as generated 
by probable Kit S waves in the K*-^K° s ir- decays. 
It is the dominant contribution. 

Using a frequentist approach [l|, and combining 
both the GLW and ADS methods for the D°K*- 
channel [lj], BABAR extracts r sB = 0.28±o;io, and ex- 
cludes at the two-standard deviation level the interval 
75° < 7 < 105°. 

More recently, BABAR [l5| has performed a measure- 
ment on another DCSD using 226 x 10 6 BB pairs: the 



D° "wrong sign" decays to 



In this case the 



extraction of 7 is complicated by the variation of the 
D° decay amplitude and of the strong phase Sd over 
the Dalitz decay plane K + tt~it . The relative value of 
i D is smaller than for the K + ir~ decay and equals to 
(0.241±0.011)% [H|, a larger sensitivity on R A ds and 
r B is therefore expected. The price to pay is however 
a larger background level. From a fit to AE, ities, 
and a neural-network multi-variable discriminant to 
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suppress the light qq pairs background, BaBAR ex- of the _D°decay over the m 2 (Kgir ) vs m 2 (Kgir + ) 



tracts 18^15 candidates, compatible with no DCSD 
signal, and sets the Bayesian limits: Rabs< 0.039 
and ib < 0.185 at 95 % of credibility interval. One 
can remark that this constraint on is at the same 
level of sensitivity as the one obtained from the K + n~ 
DCSD decay. 



R ADS Averages 
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Figure 3: World HFAG [IS 
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Figure [3] summarizes the averages computed by the 
HFAG collaboration [13] for the measurements of the 
two B factories. At the present time, the measured 
values of Rads are not precise enough. So only lim- 
its on "rs" parameters are set. By extension the ADS 
method can not provide us yet with any strong con- 
straint on 7 alone. 



2.3. The GGSZ method: D° to K° s n -n + 
Dalitz decay analysis 

Among the D° decay modes studied so far the 
K®ir~ir + channel is the one with the highest sensi- 
tivity to 7 Q because of the best overall combina- 
tion of branching ratio magnitude, D°-D interfer- 
ence and background level. This mode offers a rea- 
sonably high branching ratio (~ 10~ 5 , including sec- 
ondary decays) and a clean experimental signature 
(only charged tracks in the final state). The de- 
cay mode K®ir~ir + can be accessed through many 
intermediate states: "wrong sign" or "right" if* 
resonances (such as if* (892), if* (1410), if J (1430), 
if|(1430), or if* (1680)), CP eigenstates K°p°, K°u, 
or if!?/ , ... Therefore, an analysis of the amplitude 



(i.e.: 



m ' 



vi) Dalitz plane structure is sensitive 



to the same kind of observable as for both the GLW 
and ADS methods, and obviously carries more infor- 
mation. The sensitivity to 7 varies strongly over the 
Dalitz plane. The contribution from the b — > ucs tran- 
sition in the B~ -> £)(*)°if (*)- (B+ -> D { * ] " if W+) 
decay can significantly be amplified by the amplitude 
A D + (A D -) of the if^ 
decay (Ad=f = Ad(™|, 
asymmetry in D decays, and neglecting D°-D mix- 
ing, the decay rate of the chain B~ — > £>(*) if (*)~ 

(B+ -> D ( * )0 if«+), and D° -> if°7T-7T+, can be 
written as: 



.)). Assuming no CP 



T T (m 2 



|^| 2 +r||^±| 2 
2{x T Re[A DT A* D± ] (3) 
y T lm[A DT A D± }}. 



In the above equation, the 
dinates have been introduced: 
{Re,lm}[Y B e i{SB±l) }, for which 



Cartesian coor- 

{x±,y±} 
the constraint 



holds. They replace the physical 
constants: "<5b", "rs", and 7 in the measurements 
as when dealing with low statistical samples and 
low sensitivities to direct CP violation effects due to 
small "rs" values close to zero, non Gaussian effects 
and biaises arise when fitting for the amplitude 



r = 



im_, wij 



These are also natural parameters to 



describe the amplitude of the decay. A simultaneous 
fit both to the B^ decays and D° — > ifg7r~7r + decays 
is then performed to extract 12 parameters: {x±,y±} 
from £)°if ± , {x^y*.} from i)* if ± , and {x s ±,y s± } 
from D°if* ± . In the last case, BaBar [1 91 ] deals with 
(if s ^) 

non — k* contributions, by defining an effective 
dilution parameter k following the concept of "gener- 
alized" Cartesian coordinates [201 ] : ^±+Ys± = k T 2 B) 
with < k < 1. Belle 2l| fits directly for r s s and 
adresses these effects in the systematic uncertainty 
budgets. 

Since the measurement of 7 arises from the inter- 
ference term in T zp(m 2 _ , m 2 + ) , the uncertainty in the 
knowledge of the complex form of Ad can lead to a 
systematic uncertainty. The additional phase of the 
previous amplitude varies over the Dalitz plane. One 
can remark that it is an additional technical difficulty 
with respect to the GLW and ADS methods where 
there is only the unknown constant strong phases 8b 
and possibly an other strong phase 5d for D° pure 
two-body decays. The extraction of 7 relies then on 
a Dalitz model for the complex amplitude Ad as a 
function of (m 2 _,m 2 + ). Both BABA R flp and Belle [HI 



use "home made" isobar models [22| with coherent 
sums of Breit-Wigner amplitudes, where the three- 
body K®ir~ir + decay is supposed to proceed via quasi 
two-body decay amplitudes only. Theses models in- 
cludes also an additional non-resonant term (NR): 
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A D {m 2 _,m%) = T, r a r e^ r A r (m1,ml) + a NR e iet,NR . 

(4) 

To build their isobar models, the BABAR and Belle 
collaborations use very high statistics flavor-tagged 
D° sample (D* + — > D°it+, where ir s is a low mo- 
mentum pion) selected from data e + e~ — > cc events 
(respectively about 390 x f0 3 and 260 x 10 3 events). 
These samples have an excellent purity, larger than 
97%. 

The BaBAR model is based on 16 resonances (in- 
cluding three DCSD) and on one NR term. Most 
of the resonance parameters are extracted from the 
PDG [H, except the ifj (1430) that is taken from the 
E791 experiment that uses an isobar model, while the 
PDG quotes LASS parametrization. It includes also 
two "ad hoc" cr(500) and cr'(1000) resonances to de- 
scribe the broad irir S waves. Their parameters are 
determined in an effective way directly from the con- 
tinuum D° data sample. In a second model (hereafter 
referred as the tttt S wave K-matrix model) the treat- 
ment of the 7T7T S wave states in D°~^ K^tt^tt + uses a 
K-matrix formalism to account for the non-trivial dy- 
namics due to the presence of broad and overlapping 
resonances. This model is used in the Dalitz-model 
systematic uncertainty determination. The total am- 
plitude fit fraction for the reference isobar model is 
about 1.2 and the value of % 2 /n.d.o.f '. of the fitted 
model is equal to 1.2. 

The Belle model is built with 18 resonances (includ- 
ing 5 DCSD) and one NR term, most of the resonance 
parameters are extracted from the PDG [13[, except 
also the two "ad hoc" <r(500) and er'(1000) resonances, 
fitted directly on the data. The total amplitude fit 
fraction is about 1.2 and the value of x 2 /n.d.o.f . of 
the fitted model is equal to about 2.7. 

A simultaneous fit to the vies (or rtibc), AE, Fisher 
(for B signal to qq light quarks separation) variables 
and Dalitz model is then performed to extract the val- 
ues of the Cartesian coordinates, after selection of the 
B candidates. The measurements have been per- 
formed by BABAR [lj| and Belle [2l[ with dataset cor- 
responding to 347 x 10 6 and 386 x 10 6 BB pairs re- 
spectively. For the D°K* ± mode BABAR uses a sam- 
ple of 227 x 10 6 BB pairs. Belle fits 331 ± 17 J D°if ± , 
81 ± 11 D* ^, and 54 ± 8 D^K^, with purities re- 
spectively equal to 67 %, 77 %, and 65 %. The BABAR 
B ± sample corresponds to 398 ± 23 D°K ± , 97 ± 13 
(93 ± 12) D* ^, where D*° -> D°7r° (D 7 (differ- 
ent from Belle)), and 42 ± 8 D^K^, and with simi- 
lar purities as those from Belle. The BABAR dataset 
is therefore slightly larger than that of Belle, due to 
better selection efficiencies. 

On Figures [4] [5j and [6] one can see the contours 
plots for the Cartesian coordinates and for the three 
decay channels computed by the HFAG collabora- 
tion [jjj from the measurements of the two B fac- 



tories. These contours at 1 standard deviation do not 
include the Dalitz model uncertainty. An overall good 
agreement between BAB4R and Belle measurements is 
visible. The precision on the x± variables is equiv- 
alent with what what discussed in Sec. 12.11 with the 
GLW method. On these Figures, one can see that 
the B + and B~ contours are flipped going from the 
D°K ± decays to D*°K^, because they differ by a 
relative phase it. The deviations from the (0,0) coor- 
dinates size the importance of the direct CP violations 
effect and are proportional to the "r^" nuisance pa- 
rameters, possibly different in the measurement from 
B + and B~ candidates. Finally, the angle in between 
the directions of the segments [(0, 0); (x + , y + )] and 
[(0, 0); (x_,y_)] is by definition equal to 27. 




x 

Contours give -2A(ln L) = A* 2 = 1 , corresponding to 60.7% CL for 2 dof 



Figure 4: World HFAG [T3| compilation on the {x±,y±} 
observables. 

At the end of the analysis, the 7 parameters: 7, 
8b, 5* b , S s b, rs, r|j, and (k.)t s b, are extracted from 
the 12 Cartesian coordinates using a frequentist ap- 
proach that defines a 5-dimension (D) (3-D) classi- 
cal Neyman Confidence Region (C.R.), in the case 
of BABAR. The statistical extraction method used by 
Belle is slightly different. A 7-D C.R. is computed us- 
ing the refined frequenstist Feldman-Cousins ordering 
technique in order to address the issue raised by pos- 
sible un-physical different values of "r^" as obtained 
for the B + and B~ populations. 

The overall value for the EW CP phase measured 
by BABAR [H[ is: 7 = [92 ± 41 ± 11 ± 12]° (the first 
uncertainty is statistical, the second accounts for ex- 
perimental systematic effects, and the third for the 
Dalitz model) , where it can be noticed that the uncer- 



fpcp07_142 



G 



Flavor Physics and CP Violation Conference, Bled, 2007 



D*K + , D%D7t°&DY, DH>K s 7tV 



H FAG 



I ICHEP 2006 
PRELIMINARY 



DK* + , D^K s 7i + 7i , K* + -^K s 7i + 



H FAG 




EE] BaBar B + 
W\ Belle B + 
BaBar B 
Effl Belle B 
^1 Averages 



-0.4 -0.2 0.2 0.4 

Contours give -2A(ln L) = Ax 2 = 1 , corresponding to 60.7% CL for 2 dot 



| ICHEP 2006 
PRELIMINARY 



□ BaBar B + 
W\ Belle B + 
O BaBar B 

Belle B 
] Averages 




-0.8 -0.4 



Contours give -2A(ln L) == Ax = 1 1 corresponding to 60.7% CL for 2 dot 



Figure 5: World HFAG 123 compilation on the {x±,y±} 
observables. 



Figure 6: World HFAG [I4] compilation on the {x 3 ±, y s ±} 
observables. 



tainty coming from the employed Dalitz model would 
limit the measurement at infinite statistics. This value 
is obtained with the D°K ± and £)*° J ff ± decays alone, 
and is somewhat less precise than the 2005 published 
measurement. It is due to lower estimated values for 
the "r B ": r B < 0.142 (0.198) and 0.016 < < 0.206 
(0.282), at 1 (2) standard deviation(s), when the pre- 
vious values were respectively 0.12 ±0.08 ±0.03 ±0.04 
and 0.17 ± 0.10 ± 0.03 ± 0.03. As the sensitivity to 7 
and as well the precision of the measurement, varies 
as l/rg, so that these smaller values explain a larger 
statistical error on 7. No constraint at 1 standard de- 
viation is derived from the D°K* ± mode alone, and a 
relatively loose upper limit on k.t s b is set at 0.5. 

The measurement performed by Belle has a better 
precision as the estimated "rs" values are found to 
be larger: x B = 0.1591^0 ± 0.012 ± 0.049, r^ = 
0.175±g;og| ± 0.013 ± 0.049, and r sB = 0.564t£;^ ± 
0.041 ± 0.084. They correspond to a global value: 
7 = [53±\l ± 3 ± 9]° (8° < 7 < 111 at 2 stan- 
dard deviations). This value is somewhat more precise 
from what one would expect by scaling the statis- 
tics from the previously published measurement in 
2004. The value of t* b has been shifted up, as it 
was previously equal to O.Utolt ± 0.02 ± 0.04 and 
tb did not change significantly as it was previously 
0.21 ± 0.08 ± 0.03 ± 0.04. The experimental system- 
atic uncertainty has been significantly reduced due to 
the use of a control high statistic control samples of 
£>W°7r- and D*--k+ B decays. 

More recently BABAR [23[ has studied the Dalitz de- 



cay D®K ± , where the D° decays to 7r°7r~7r + . With 
respect to the K®ir~ir + mode the signal rate is di- 
vided by about a factor 2. The background is also 
larger due to the presence of a ir° meson. BABAR 
has measured for the first time the isobar model of 
this Dalitz decay. Due to significant non-linear cor- 
relations it has been found that with the present 
statistic the Cartesian coordinates can not be used 
in the global fit extraction, neither the 7, tb, and 
5b constants. If one defines z± = rse^ l5i3±7 - 1 , it has 
been demonstrated that the fit biases are strongly 
reduced when fitting for the so-called polar coordi- 
nates: p± = |z±— xo| and 0± = tan -1 ( x± y ^ Xn ^ , where 
xq is a coordinate transformation parameter equal to 
0.85. For no CP violation the B + and B~ contours 
are centered in the (p± , 9± ) plane on the coordinate 
(0.85, 180°). BABAR obtains: p_ = 0.72 ± 0.11 ± 0.04, 
p+ = 0.75 ± 0.11 ± 0.04, 6L = (173 ± 42 ± 2)°, and 
8 + = (147 ± 23 ± 1)° (where the uncertainties are 
respectively for statistical and for the systematic ef- 
fects). So far no strong deviation from that position 
as been established and no attempt has been made to 
extract the physics constants 7, r^, and 5b by BABAR. 
A quite loose constraint on 7 is foreseen. 

3. Measuring 7 with neutral B decays 

The decays of neutral B mesons that allow to con- 
strain sin(2/3 + 7) have either small sensitivity to the 
V u b phase or small branching fractions. At the present 
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time these measurements can only help in improv- 
ing the overall picture on the determination of the 
CKM- angle 7. The presence of hadronic parameters 
in the observables (r and 5, the amplitude ratio and 
the strong phase difference between the V c b and V u b in- 
terfering amplitudes), as for previously discussed for 
charged B decay, complicates the extraction of the 
weak phase informations. The problem here is even 
more crucial as in case of D^^tt^ and mode 
the V u b amplitude counts only as about 2 % [2J| of the 
total amplitude and in the case of £>(*)°ir(*) these 
modes are so rare that the value of r can not yet be 
directly measured. There exist however approaches 
based on SU(3) symmetry to estimate the magnitude 
of the nuisance parameter r and as a consequence to 
set constraints on sin(2/3 + 7). 

3.1. CP asymmetry in neutral D^n* 
and D ± p T B decays 

This technique has been proposed [24| as the 
£)(*)- 7T+ and D~ p + decays can be produced either 

in the decay of a B a or a B , respectively through 
the b — > cud (the "V c & amplitude", Cabibbo favored 
(Acf)) or b — > ucd transition (the u V u b amplitude", 
doubly Cabibbo suppressed (Adcs))- These are pure 
tree decays with relatively large branching ratios of 
the order of 0.3 — 0.8%. Their relative weak phase is 
7. An additional weak phase 2/3 may come from ini- 
tial B°-W mixing. Another unknown relative strong 
phase 5 arises from strong interaction in the final state 
in between these two amplitudes. Due to mixing, the 
£)(*)± 7r T decay rate evolves with time as: 



P(B° -> D(*) ± 7r :F ,At) oc 1 ± CW cos(Am d At) 
+ sm(Am d At), 

£)(*)T 7r ± j At) cx 1 =F cos(Am d At) 

- 5 ( *) ± sin(Am d At), 



P(B° 



(5) 

where Amj is the mixing frequency, and At is 
the time difference in between the time of the 
B — > D^'^n^ decay (hereafter referred as the recon- 
structed B meson, B rec ) and the decay of the other 
B meson (hereafter referred as the tagging B meson, 

B t ag)- In the above equation the flavor B° (B ) can 
be experimentally determined from the flavor of the 
Btag (using a flavor specific final state). Therefore 
the technique employed to extract the relevant con- 
stants is similar to the time dependent analyses per- 
formed with (cc)K® decays for the determination of 
sin(2/3) The parameter C w and 5 W± are given 
by: 



2r(* 



1 



r(*)2 



sin(2/3 + 7± < 5 ( * ) ). 



(7) 



We can also define the strong phase differences in 
between Acf and Adcs as 5^ and rW as the ra- 
tio \Acf/Adcs\- There exist as well two constants 
"r" and "5" for the D^^_ mode. As expected from 



the DCSD phenomenon [24[ , the "r" constants are ex- 
pected to be of the order of 2 %. Due to the small 
value of r(*) 2 (~ 10 -4 ) it obviously impossible to ex- 
tract "r" from the measurements with the present 
statistic of the available samples (i.e., from CW). It is 
also mandatory to have large data sample for extract- 
ing statistically significant measurements of S^*^. 

The BABAR and Belle [27[ collaborations are 
using two different techniques to select high-statistics 
samples of D^^it^ and Z? ± p =F B decays. These 
measurements have been obtained with dataset corre- 
sponding respectively to 232 x 10 6 and 386 x 10 6 BB 
pairs. A full reconstruction technique is accessible for 
the three above decays, while a partial reconstruction 
technique allows to use the D*tt decay mode only. 

For the exclusive method, the full decay chain is 
reconstructed. Therefore an excellent purity of the 
order of 90 % for D*ir decay is achieved. The price 
to pay, in addition to the limited tagging efficiency 
and when determining the B tag flavor, is the relatively 
limited event yields. Belle gets about 30 x 10 3 events 
for the D*ir decay. 

The other method is based on a partial reconstruc- 
tion where only the soft (low momentum) n track of 
the D* -meson decay and the prompt (high momen- 
tum) 7r track of the B decay are detected. As the 
D's are not explicitly reconstructed one gains on the 
secondary decay branching ratios. The price to pay 
is a relatively lower purity that depends on the tag- 
ging category. It goes from 30 % in case of kaons tags 
to about 55 % for prompt leptons tags. The statis- 
tics for this method can be enhanced up to 5 or 6 
times with respect to the one obtained for the fully 
exclusive technique. With 232 x 10 6 BB pairs, BABAR 
analyse a data sample of about 71 x 10 3 if-tagged D*tt 
(19 x 10 3 lepton-tagged) . The if-tagged sample has 
about 4 times the statistics of the leptons-tagged one. 

An important experimental difficulty has to be men- 
tioned. As the expected CP asymmetries for these 
measurements are small, the interferences of b — > u 
and b — > c amplitudes in the decay of the B tag have 
to be taken into account. They dilute the effective 
B rec CP asymmetry. The BABAR collaboration uses 
an alternative parametrization to the S^*^: 



, , 1 - I'M 2 
- i + r (* a^- 1 >' 



(6) 



a = 2rsin(2/3 + 7)cos((5), 

b = 2r'sin(2/? + 7)cos(<5'), 

c = 2cos(2 / 3 + 7 )(rsin(<5) - r' sin(<5'))- 



(8) 



fpcp07_142 



8 



Flavor Physics and CP Violation Conference, Bled, 2007 



For each D^^tt^ and Z? ± p T decay mode, each 
measurement technique (partial or full reconstruction) 
and for each tagging category one gets a different in- 
terference on the tagging side, as the background dif- 
fer from one case to the other. Effective "r"' and "5"' 
parameters are therefore derived. One notes that r' 
automatically vanishes in a and c when using the lep- 
ton taggingcategory. 

BABAR [26[ uses both kind of tags for the partial 
reconstruction technique and and only lepton tags 
for the full reconstruction technique. Belle [13] uses 
only lepton tags for the partial reconstruction method 
(thus limiting the yield of useful D*ir candidates for 
the CP violation measurement), and all tags cate- 
gories for the fully exclusive method. The DCSD in- 
terferences in the B tag side are measured using control 
samples of D^*Hv B decays. 

These measured values for a and c, in the two meth- 
ods and for the three types of decay mode, are in 
good agreement in between the two experiments, the 
detailed values can be found in the HFAG collabora- 
tion winter 2007 document fl2l |. The combined val- 
ues of (a; c) are: (-0.030 ± 0.017; -0.022 ± 0.021) for 
L» ± tt = f, (-0.037 ± 0.011; -0.006 ± 0.014) for D^tc*, 
and (-0.024 ±0.033; -0.098 ±0.058) for D ± p*. Fig- 
ures [7] and [8] show in a graphical way the combined 
(a; c) values for D ± 7r :F and D* ± n T . 

A 3.4 a deviation from is visible for a in the 
D* mode indicating that observation of CP violation 
is within reach for the B factories with some addi- 
tional statistics. The currently published results by 
BABAR and Belle are anyway not using the full avail- 
able dataset. 



H FAG 



D*7t 



H FAG 




Figure 7: Graphical view of the world HFAG [13 ] com- 
pilation for the a and c parameters for the D^tt^ decay 
mode. 




Figure 8: Graphical view of the world HFAG [jjj compi- 
lation for the a* and c* parameters for the D* ± ty^ 1 decay 
mode. 



Both BABAR and Belle [27| have extracted lim- 
its on | sin(2/3 + 7)|. For this it is mandatory to esti- 
mate the value of "r" . This is done using SU(3) flavor 
symmetry, with available branching fractions (includ- 
ing recent BABAR [28| measurement for the D^^n^ 
modes), and lattice calculations for decay constants. 
These extractions of r have a relative 30 % uncer- 
tainty due to estimation of SU(3) breaking and lim- 
ited knowledge on TF-exchange and annihilation dia- 
grams. With all the three BABAR sets lower limits on 
| sin(2/3± 7 )| respectively equal to 0.64 (0.40) at 68 % 
of C.L. (90 %). With the D*^ mode Belle sets the 
lower limit 0.44 (0.13) at 68 % of C.L. (95 %). With 
the D ± irT Belle sets lower limit 0.52 (0.07) at 68 % 
of C.L. (95 %). 

Based on an updated and more sophisticated ver- 
sion of the BaBAR model, a re-scattering SU(3) sym- 
metry model 29], the following values of "r" are 
computed: v D7r = (1.53 ± 0.33 ± 0.08)%, r * 7 " = 
(2.10±0.47±0.11)%, and v d p = (0.31±0.59±0.02)%, 
where the first uncertainty is a Gaussian error for 
SU(3) breaking from non-factorizable contributions 
and the second is a 5 % flat error for SU(3) break- 
ing from TF-exchange and annihilation diagrams. A 
global combined frequentist [l[ constraint of all the 
available results is shown for | sin(2/3 + 7)| on Fig- 
ure O where the C.L. distributions are displayed. A 
lower limit on this quantity is set at 0.59 (0.37) at 
68 % of C.L. (95.5 %). 
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|sin(2p+y)| 



Figure 9: 1-C.L. constraint profile as obtained for 
|sin(2/3 + 7 )| 0. 

3.2. CP asymmetry in neutral B 
decays 

It has been proposed [!, [f| [3(| that the rare neu- 
tral £>W°lf W° B decays can be used for the time de- 
pendent CP asymmetry measurement of sin(2/3 + 7). 
These final states can be produced through b — > c 
or 6 — > u transitions. Both are color-suppressed and 
Cabbibo-suppressed transitions and are of the same 
order of magnitude (oc A 3 ). Despite the rareness of 
theses modes, it has been stressed that the ratio of 
the ratio f b should be relatively large and of the order 
of 0.4, thus making these modes appealing with large 
B meson dataset. As is large enough, in the time 
dependent analysis and as opposed to the previously 
described neutral B decays, it is feasible to extract 
both S r '*) ± and C^*> coefficients, so that no theoret- 
ical assumption nor any model is needed to measure 
sin(2/3 + 7), 5b, and tb at the same time. 

So far, Belle with 88 x I0 6 BB pairs and BABAR [H[ 
with 226 x I0 6 BB pairs, have measured the branch- 
ing ratios of these decays. They lie in the range 
4 - 5 x lCT 5 , while the mode B° -> D°K*° has not 
yet been observed. The most precise upper limit for 
its branching fraction is 1.1 x 10 -5 at 90 % C.L.. It is 
then obvious that no direct measurement of f b is yet 
accessible. 

Using the self tagging decay K* a — > K~n + , 
it is possible to estimate the ratio \A(B — > 

D K*°)/A{B° -> D°K*°)\. These decays can be 
therefore distinguished by the kaons charges correla- 
tions in the D and K* meson decays (the V u b tran- 
sition would have opposite charges kaons, as for the 
ADS method described in Sec. 12. 2p . Again the sensi- 
tivity to ib is diluted by the presence of DCS decays: 
D° — » K + ir~ , K + ir~ir°, and K + 7r~7r + 7r~ modes 
for which yd constants have measured relatively pre- 
cisely [13j. From the ratio of branching ratios R = 



T(W (K+Xr) D K*°)/T(B V -> (K-X+) D K*°), 
where Xf~ =7r ± , ^ir , or 7r ± 7r _ 7r + , one can extract 
constraints on r B , when knowing r D and doing as- 
sumptions on 5b, 7, and 5b (see Sec. l2.2[) . Doing this, 
BABAR [H| has set the upper limit f| < 0.40 at 90 % 
of C.L.. This suggests that, as the branching fraction 
of the decay B° — > D°K*° is still unknown, that this 
technique is still not yet powerful enough with the ex- 
isting B factories dataset and will not even be in near 
future. 

4. Conclusions, perspectives, and global 
constraints on 7 

We have presented a review on the measurements 
of the CKM-angle 7 (03 ) as performed at the B facto- 
ries PEP-II and KEKB by BABAR and Belle collabo- 
rations. These measurements were considered as more 
or less impossible for these T(4S) experiments a few 
years ago. Thought we have not yet entered the era of 
precision, many methods using charged or neutral B- 
decays have been employed, pioneering the measure- 
ments at the future LHCb experiment, or possibly at 
future super B factories. 

Before to get there, the present existing B factories 
will have to update these results with already exist- 
ing additional dataset and non negligible forthcom- 
ing statistics. In addition, many refinements and new 
methods continue to be developed • One can there- 
fore anticipate substantial improvements. All the ma- 
chinery is in place, but all these measurements are by 
far dominated by statistics uncertainty. Puzzles re- 
main such as the exact value of the r# that sizes the 
sensitivity to 7 and that is always exploited in each 
of the previously described methods. The bigger it is, 
the shorter will be the way to precision era. 

So far the GGSZ method exploiting the Dalitz De- 
cay D ^K Q s ir-n+ in charged B decays D^°K^~ 
continues to provide us with the most powerful con- 
straint on 7. The Dalitz model systematic uncertainty 
is not yet a concern at the present time. Neverthe- 
less, it is possible to reduce the model dependence 
systematic uncertainty by using the original idea of 
the GGSZ method 0,0). UsingCLEO-c and future 
r-charm factories it is possible [32[ to produce at the 

■0(3770) resonance coherent states of D° and D pairs. 
The amplitude T^(m 2 _, m^_) is no more fitted but re- 
placed by event yields of CP and flavor tagged D° 
within bins of the Dalitz plan. With the existing 
CLEO-c statistics (280 pb~ x corresponding to about 
570 CP tagged events) this method should help reduc- 
ing this uncertainty down to 6° — 7°. For a projection 
to about 750 pb _1 , corresponding to about 1500 CP 
tagged events, one should reduce it down to about 
4°. At a Super B factory with 50 ab _1 , in addition 
to 10 fb _1 of data collected at future r-charm facto- 
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ries, on should ultimately be able to measure 7, in a 
model-independent way, with an accuracy of the order 
of 2°. 
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Figure 10: 1-C.L. constraint profile as obtained for 7 

To conclude, we present on Figure [TO] the combina- 
tion on the constraints on 7 obtained with the charged 
B decays. The present fit [l| is performed with the 
HFAG [12[ combinations of 32 observables (the Rc p± , 
Aqp±, RadSj and Cartesian coordinates) to extract 
11 physics constants (we have evaluated the strong 
phases and relative amplitudes ratios for D° decays 
to Ktt and Ktttt modes). The value 7 = (77 ±31)° is 
extracted. This is coherent with the 1 a interval from 
a global CKM coherence fit where these measurement 
are absent: 52.8° < 7 < 70.1°. At 90 % of C.L. one 
gets from that fit: rg K < 0.13, rg* K < 0.13, and 
r B K < 0.27. Adding the information coming from 
the constraint on | sm(2/3 + j)\ a slightly more precise 
value is obtained: 7 = (78l.!>6) - 
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